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Abstract— This paper propounds an advanced component of flexible AC transmission system (FACTS) 
called distribution power flow controller (DPFC). DPFC is derived from unified power flow controller 
(UPFC) with an eliminated common dc link. In this system the large number of series converters provides 
redundancy, increasing the reliability of the proposed system. For the D-FACTS there is no requirement 
for high voltage isolation between the phases as converters are single phase and floated with respect to the 
ground. Accordingly the DPFC system is more economic than the UPFC. Due to high control capability of 
DPFC, it used to reduce power quality problems, removing the fault oscillation and improving the 
transient stability. Non-linear loads make up a large percentage of all electrical power demands; it also 
introduces harmonic voltages and currents in the system which helps to analyze the system capability to 
overcome various fault condition. In this paper the control circuit is designed by using series referral 
voltages, branch currents. The system is modeled and simulated in MATLAB environment using 
Simulink and Simpower System toolboxes by using MATLAB/SIMULINK. 
Keywords- FACTS, power quality, sag, swell mitigation, distributed power flow controller, AC-DC 
conversion, and non-linear load. 
I. INTRODUCTION 
Development of modern power system has lead to an 
increasing complexity in study of power system. In 
particular aspects of transient and small signal 
stability. Power system engineers facing the 
challenges to increase and improve the power transfer 
capabilities of existing transmission system. The 
flexible ac transmission system (FACTS) technology 
comes into picture with less investment when 
compared to new transmission and generation 
facilities [1]. This is achieved by using converters as 
a controllable interface between two power systems. 
The resulting converter representation can be useful 
for variety of configuration. The STATCOM has the 
following advantages; hence they are installed in 
select points in the power system to perform the 
following: 
 Voltage support and control 
 Voltage fluctuation and flicker mitigation 
 Unsymmetrical load balancing 
 Power factor correction 
 Active harmonics cancellation 
 Improve transient stability of the power system 
A static compensator (STATCOM) is voltage source 
converter (VSC) based device with voltage source 
behind a reactor. STATCOM, it provides reactive 
power compensation to solve a variety of power 
system and industrial system voltage fluctuation and 
stability conditions. The STATCOM is a shunt 
connected device that is able to provide reactive 
power support or supplies VAR requirement to a 
network location far away from the generators. The 
STATCOM can regulate the voltage at the connection 
node, through this reactive power injection. The 
synchronous series compensator (SSSC) is a series 
device which injects a voltage in series with the 
transmission line. 
The SSSC a solid stage voltage source inverter 
coupled with a transformation is connected in series 
with a transmission line. An SSSC injects a 
sinusoidal voltage of variable magnitude in series 
with a transmission line. This injected voltage is 
almost in quadrature with the line current, there by 
eliminating an inductive or capacitive reactance in 
series with the transmission line. The injected voltage 
essentially acts as synchronous ac-voltage source, 
which is used to vary the transmission angle and the 
line impedance, there by independently controlling 
the active and reactive power flow through the 
transmission line [2]. The series voltage results in 
active and reactive power injection or absorption 
between the series converter and the transmission 
line. This internally generated reactive power by the 
series converter and the active power are supplied by 
the shunt converter that is connected in back to back 
configuration. By absorbing or generating active 
power from the bus the shunt converter controls 
voltage of dc capacitor. Therefore it acts as a 
synchronous source in parallel with the system. The 
shunt converter can also provide reactive 
compensation for the bus similar to the STATCOM.  
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In AC power distribution systems, harmonics occur 
when the normal electric current waveform is 
distorted by non-linear loads.  Non-linear loads occur 
when the resistance is not a constant and changes 
during each sine wave of the applied voltage 
waveform, resulting in a series of positive and 
negative pulses. Sources of non-linear loads are 
computer equipments with switched-mode power 
supplies, variable speed motors and drives, 
photocopiers, laser printers, fax machines, battery 
chargers, UPSs, fluorescent light ballasts, and 
medical diagnostic equipment. With the large 
increase in the number of non-linear loads in recent 
years, the distribution network response may not be 
so straightforward. That is, it is no longer possible to 
predict the network response with the same level of 
confidence as in the past. It is necessary to apply 
power quality improvement techniques to non-linear 
loads to ensure that the efficiency of the generating 
system is not impacted. 
In the event of harmonics, when observed it can be 
seen from this that the current waveform is out of 
phase with the voltage and in addition to this the 
waveform is far from being a sine wave. This 
represents distortion and introduces high levels of 
harmonics into the system. Accordingly non-linear 
load power quality improvement is of great 
importance. In general, the non-linear load gives rise 
to current spikes. These current spikes have a rate of 
rise and fall that is much greater than that of the basic 
voltage waveform. As a result this creates a series of 
predominantly odd harmonics that decrease in 
intensity with increasing frequency. It is actually the 
harmonics that cause problems with the power 
generation and distribution system. In this 
propounded system non-linear load is considered to 
demonstrate the critical evaluation of the system. 
II. UNIFIED POWER FLOW CONTROLLER 
(UPFC) 
The unified power flow controller (UPFC) is an 
electrical device for providing fast acting reactive 
power compensation on high voltage electricity 
transmission network. It uses a pair of three-phase 
controllable bridges to produce current that is injected 
into a transmission line using series transformer. The 
UPFC is comprised of STATCOM and a SSSC, 
coupled via a common Dc link allow a bidirectional 
flow of active power between the series output 
terminals of SSSC and the shunt output terminals of 
the STATCOM [3]. Each converter can independently 
generate or absorb reactive power at its own AC 
terminal. Two converters are operated from a DC link 
provided by a DC storage capacitor.  
 
Figure1.performance of UPFC 
The DPFC is able to control all system parameters 
like line impedance, transmission angle and bus 
voltage. The active power exchange between shunt 
and series converter is through the transmission line 
at the third-harmonic frequency. The DPFC 
eliminates the common dc link between the shunt and 
series converters. The series converter in the DPFC 
implements the distributed facts (D-FACTS) 
operational principle [4].   
The injected voltage essentially acts as a synchronous 
AC-voltage source, which is used to vary the 
transmission angle and line impedance, there by 
independently controlling the active and reactive 
power flow through the line. The series voltage 
results in active and reactive power injection or 
absorption between the shunt and series converter and 
the transmission line. 
The reactive power is generated internally by the 
series converter and and the reactive power is 
supplied by the shunt converter that is back-back 
connected. The shunt converter provides reactive 
power compensation for the bus. The shunt converter 
controls the voltage of the dc capacitor by absorbing 
or generating power from the bus, therefore acts as a 
synchronous source which is in parallel with the 
system. 
The impact of transient parameters in majority of 
transmission lines problems such as voltage sag 
(voltage dip), swell voltage (over voltage) and 
interruption, are also considerable to mitigate the 
mentioned power quality problems. The utilization of 
FACTS devices such as power flow controller 
(UPFC) and synchronous static compensator 
(STATCOM) can be helpful; the distributed power 
flow controller (DPFC) is presented which has a 
similar configuration to UPFC structure. 
Implementing the two approaches and eliminating 
common dc link and distributing the series converter. 
The UPFC is further developed into a new combined 
FACTS device. Comparing with the UPFC, the 
DPFC has two major advantages: 
1) Low cost, due to less requirement of low-voltage 
isolation and the low component rating of the series 
converter and 
2) High reliability because of the redundancy of the 
series converters. 
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III. DPFC TOPOLOGY 
To reduce the failure rate of the component by 
selecting components with higher ratings than the 
necessary or employing redundancy at the component 
or system levels are also options. Unfortunately, these 
solutions increase the initial investment necessary, 
negating any cost-related advantages. Accordingly, 
new approaches are needed in order to increase 
reliability and reduce the cost of the UPFC and DPFC 
at the same time. 
Unlike in UPFC where the active power transfer is 
through the DC link between the series and shunt 
converters. Here in DPFC this power flow is through 
the transmission line at the third harmonic frequency 
which is a zero-sequence component and can be 
naturally blocked by a star-delta transformer.   
 
Figure 2.flow chart from UPFC to DPFC 
The DPFC is composed of a single shunt converter 
and multiple independent series converters as shown 
in figure3 which is used to balance the line 
parameters, such as line impedance, transmission 
angle and the bus voltage magnitude[5] [6].  To 
detect the voltage sags and determine the three single-
phase reference voltages of  DPFC. 
 
Figure 3.DPFC configuration 
DPFC also requires a high pass filter that is shunt 
connected to the other side of the transmission line 
and a star-delta transformer on each side of the line. 
The unique control capability of the UPFC is given 
by the back-to-back connection between the shunt 
and series converters, which allows the active power 
exchange freely. 
IV. OPERATING PRINCIPLE OF DPFC 
There are two basic approaches that applied to the 
UPFC for simulating of DPFC as below 
i. Active Power Exchange with Eliminated DC 
Link 
Throughout simulating of distributed power flow 
controller consisting the AC terminal at series 
converter side and DC terminal shunt converter   side 
this connection are applied on transmission line. 
Rather of power exchanging within the converters 
through applying DC link. The power theory for non-
sinusoidal parts from different frequency is being 
from voltage or current. The active power is provide 
from the product of voltage and current, afterward 
differently frequency is zero for integral within some 
condition. Mathematically the active power equation 
is as below 
p =
1
cosi i i
i
V I 


  
 
Figure  4. Active power exchange between DPFC 
converters 
The  i  is the angle among same frequency for the 
voltage and current. Similarly iV  is the voltage and 
iI is the current is at the 
thI harmonic. The active 
power through other frequency has not act upon by the 
current and voltage for the different frequency. While 
coming to above concept of DPFC, the harmonic 
frequencies from the grid power comes in that and 
active power from fundamental frequencies is 
accepted among shunt converter as shown in figure. 
The transmission line bear dual power one at 
fundamental frequency and other at 3
rd
 harmonic 
frequency, by applying superposition theorem both 
power can be achieved. The high pass filter in the 
DPFC blocks the fundamental frequency components 
and allows for the harmonic components to pass in 
ground, thereby allowing for a return way for the 
harmonic components. 
The series and shunt converter, the ground, and the 
high-pass filter from the closed loop for the harmonic 
current .due to the unique qualities of 3
rd
 harmonic 
frequency components; it is taken to exchange the 
active power between series and shunt converters in 
the DPFC. 
ii. Distributed series converter concept 
This system consists of lower cost and high reliability, 
the concept of DFACTS is to use multiple low-power 
converters which are connected to the transmission 
line by individual transformer. There is no requiring 
of high voltage isolation because, on the transmission 
line converters are hanged. The distributed series 
converters take the active power at the 3
rd
 harmonic 
frequency from transmission line and inject it back 
into the line at the fundamental frequency as per 
disturbances. 
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iii. DPFC reward 
The DPFC can be taken as the concept of the D-
FACTS and the conception of exchanging the power 
through the harmonics. Hence, the DPFC has all the 
reward of the UPFC and the D-FACTS as 1) high 
control capability 2) high reliability 3) low cost, as 
described below 
1) High Control Capability 
The DPFC can control all the parameters of the power 
system, the line impedance, and the transmission 
angle, the bus voltage. The joint dc link enables 
separated installation of the DPFC converters. The 
shunt and series converters can be replaced at the most 
effective location. Due to the high control capability, 
[7] the DPFC can be applied to improve the power 
quality and system stability. 
2) High Reliability 
The redundancy of the series converter gives an 
improved reliability. The failure of any one converter 
will not affect other converters because of the series 
and shunt converters are independent. The converters 
will be short circuited by bypass protection, when a 
decline occurs in the series converter. Thereby having 
little influence to the network when the shunt 
converters are decline, the shunt converter will trip 
and the series converter will stop providing active 
compensation and will acts as D-Facts controller. 
3) Low Cost 
The single phase series converters are lower than the 
single three phase converter. Hence the series 
converters do not required of any high-voltage 
isolation in transmission line connecting; single turn 
transformers can be used to hang the series converters. 
V. DPFC CONTROL 
DPFC consists of three types of controllers, to control 
multiple converters. Those are: central control, shunt 
control, series control as shown in figure 5. 
 
Figure 5.DPFC control block diagram 
A. Central Control 
The central control generates the reference signals for 
both the shunt and series converters of the DPFC .its 
control function depends on the specific of the DPFC 
application at the power system level, such as power 
flow control, low frequency power oscillation 
damping and balancing of asymmetrical components. 
 The central control gives corresponding voltage 
reference signals for the series converters and reactive 
current signal for the shunt converter, according to the 
system requirements. 
All the reference signals generated by the central 
control concern the fundamental frequency 
components [8]. 
B. Series control 
Each series converter has its own series control. The 
controller is used to maintain the capacitor DC voltage 
of its own converter, by using 3
rd
 harmonic frequency 
components, in addition to generating series voltage at 
the fundamental frequency as required by the central 
control. 
C. Shunt control 
The objective of shunt control is to inject a constant 
3
rd
 harmonic current into the supply line active power 
for the series converters. At the same time, it 
maintains the capacitor DC voltage of the shunt 
converter at the constant value by absorbing the active 
power from the grid at the fundamental frequency and 
injecting the required reactive current at the 
fundamental frequency into the grid. 
VI. SIMULATION RESULTS 
In the present section for showing better performance 
of DPFC is considered. The present system is three-
phase system. During the disturbance in n system sag 
and swell is occurred in the system depends on the 
voltage. 
The disturbance is occurred at t=0.3s to t=0.7s will be 
considered as phase A. The DPFC is used to injecting 
the voltage when sag and swell is occurred. 
a) Before installing DPFC(during sag occurrence) 
This simulation model shows before installing of 
DPFC with circuit breaker as open condition with 
supply voltage as shown in the figure6. 
 
Figure 6.simulink model without DPFC system 
When disturbance is occurred in transmission system 
depends on the voltage variation sag and swell is 
occurred in the system. But now circuit breaker as 
opened at the time voltage is reduced during time 
period t=03.s to t=0.7s. The sag occurrence is showing 
in the figure7 
 
Figure 7.supply and load voltage during sag condition 
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b) Installing DPFC 
The DPFC will be installed at the time voltage is 
injected to transmission system.  The voltage sag will 
be reduced using DPFC controller. So maintained 
system performance and also reliability can be 
improved using DPFC. 
Here using transformer to injecting voltage, when 
disturbance is occurred in transmission system, figure 
8 
 
Figure 8.simulink model of DPFC system 
The sag will be clear using DPFC control as shown in 
the figure 10. 
c) Injected voltage 
When sag is occurred at the time transformer is used 
to injecting voltage as 15v So DPFC will be cleared 
all disturbance and it improving reliability operation. 
 
Figure 9.injected voltage during sag condition 
 
Figure10. THD of source voltage in sag condition 
using PI controller 
 
Figure 11.elimination of sag voltage 
d) DPFC controller block 
DPFC having block as shown in figure12.  Here using 
controller block DQ frame theory. Then PWM 
generator is used to generating pulses. 
 
Figure 12.simulation of DPFC controller block 
e) During swell occurrence 
The simulation shows that the swell will be cleared 
without DPFC condition and eliminating swell during 
DPFC controller.  The swell is occurred during time 
period of 0.3s to 0.7s using DPFC controller swell will 
be eliminated at the time of swell voltage will be 
increased. 
 
Figure 13.simulation model of DPFC system 
The simulation shows before installing of DPFC with 
circuit breaker as close condition with supply voltage 
as 415v as shown in the figure13.it is similar to sag 
occurrence but in swell voltage as increased. The 
figure 14 shows the occurrence of swell. 
 
Figure14.supply and load voltage during swell 
After eliminating swell the voltage at DPFC controller 
will fulfil that voltage. 
Figure 15.injected voltage for swell 
 
Figure 16.elimination of swell voltage 
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Figure17. THD of source voltage in swell condition 
by using PI controller 
The swell will be cleared using DPFC controller to 
injecting voltage. So using DPFC control sag and 
swell will be eliminated and also reliability can be 
maintained. 
 
Figure 18.simulation model of DPFC using PID 
controller 
 
Figure 19. Supply and Load voltage during sag 
condition 
 
Figure 20. Injected voltage during sag condition 
 
Figure 21.elimination of sag voltage 
 
Figure22. THD of source voltage in sag condition by 
using PID controller 
VII. CONCLUSION 
In the propounded system in order to mitigate the 
power quality problem DPFC is implemented in the 
configuration of shunt as well as series converter 
which allows to exchange the active power at third 
order harmonic frequency and the series converter 
incorporates controllable active and reactive power at 
the fundamental frequency respectively. The system 
feeds non-linear to show the robustness of the system 
and the series converter further enhances the system 
redundancy and reliability, the series converter in the 
DPFC makes it less economical when compared to 
UPFC, as no high voltage isolation is required and 
rating of the components is also less. The THD of the 
source voltage in swell condition using PID controller 
is 0.07% which is within 5% as mentioned in IEEE 
standard 519. 
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